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Abstract: A perimeter traffic signal control strategy is
proposed based on the macroscopic fundamental diagram
theory ( MFD) to solve the signal control problem in
oversaturated states. First, the MFD of a specific regional
network can be derived using VISSIM simulation software.
Secondly, the maximum number of cumulative vehicles that
the network can accommodate is determined based on the
MFD. Then, through monitoring the influx flow, the number
of vehicles existing in and exiting from the network, a
perimeter traffic control model is proposed to optimize the
signal timing of the boundary intersections. Finally, a virtual
network simulation model is established and three different
loaded
Simulation results show that after the strategy implementation,
the number of vehicles accumulating in the network can be
kept near the optimal value, while the number of both entering

kinds of traffic demand are into the network.

and exiting vehicles increases significantly and the road
network can be large  capacity.
Simultaneously, the queue length at the approach of the border
intersections is reasonably controlled and vehicles entering and
exiting the network can maintain a more efficient and stable

maintained at a

speed. The network performance indices such as the average
traffic delay and average number of stops can be improved to a
certain degree, thus verifying the effectiveness and feasibility
of the perimeter control strategy.
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roblems related to traffic congestion in large and me-
dium-sized cities have become increasingly promi-
nent, particularly in centralized cities. Although traffic
management agencies have proposed a variety of efficient
control strategies to ease congestion, the actual impact of
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these countermeasures has not been as effective as expec-
ted. The effectiveness of traffic control strategies cannot
be adequately evaluated without building reasonable traf-
fic forecasting models at the macroscopic level. Macro-
scopic modeling of the urban gridlock was first proposed
by Daganzo'"
mental diagram (MFD) of urban traffic, the relationship
between average network flow and vehicle accumulation
in the road network, was later proposed by Geroliminis et
al'”. Researchers argued that the MFD can reflect the re-
lationship among road network parameters, such as output
flow and number of vehicles in the region'’, total a-
mount of traffic flow, average density of the road net-
work'*!, total vehicle mileage, and gross vehicle running

56 . .
11 Meanwhile, researchers proposed evidence of
7-10]

, and a well-defined macroscopic funda-

time
the existence of MFD using both the field data'
P72 and explored the applications of
the MFD in network management and control. In terms of
applications for different control objectives, the control
objectives can be divided into maximal total outflow of

and
traffic simulation

the road network"”*™"", optimal cumulative number of ve-
hicles in the network'"”
taining at an appropriate leve
into optimal perimeter control'”™', bang-bang con-

17 . . 16 .
trol"”, model predictive control"®, area metering con-
[18] [19]

, and the network density main-

1", Tt can also be divided

, based on different
[12]

trol
control methods. Another related study
work boundary control proposed a network layer control
strategy based on traffic sub-zones, but the research
lacked a clear description of the connection between the
network layer and the sub area layer. Although previous
studies have proposed the idea of implementing border

, and feedback gate control
on road net-

control based on the MED"™ | the effective control strat-
egy was lacking. While the border control strategy pro-
posed in Refs. [13 —15,21] is far more complex, Ref.
[16] required a rather high accuracy of the prediction
model, which is difficult to maintain under realistic con-
ditions and it also lacks consideration of the network ca-
pacity.

Therefore, on the basis of previous studies, a novel
border control method for near-saturated road networks is
proposed. In light of the near-saturated network, consid-
ering the premise of the carrying capacity of the entire
network, an effective signal optimization scheme at bor-
der intersections is proposed. The macroscopic properties
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of the MFD are utilized to ensure that the total number of
vehicles in the network remains reasonably practicable at
both the macroscopic and microscopic levels. This meth-
od is far more operable and it is more suitable for realistic
road network conditions.

1 MFD Theory

It is feasible to derive a macroscopic fundamental dia-
gram from a simulation experiment or from traffic data
collected directly at a field site. The MFD obtained by
these two methods can be used as the basis for the adjust-
ment of the signal timing scheme. For a specific network
experiment, given different origin-destination demand,
traffic demand is allocated to determine the inflow, the
road traffic, the crossing traffic, and turning ratio of the
border network with the aid of transportation planning
software TransCAD. Then, signal timing plans are set up
using microscopic simulation software VISSIM. To de-
rive the MFD of a network, the linked traffic variables
such as flow and density are needed. There should be as
many measured links as possible, thus the macroscopic
fundamental diagram can be derived to reflect the network
traffic situation correctly. The data at the network level
are easily generated by averaging the linked data, and the
weighted average flow and density were recommended for
use by Daganzo''". The relationship between the related
parameters is as follows:

N =Y ki
¢ =Yal/Yl (D
Nkl

where N represents the number of accumulating vehicles
in the network; k,, g, and [, denote density, traffic flow,

X

and length of road i, respectively; ¢" and k" represent the
weighted average flow and density. The relationship be-
tween the weighted average flow and the number of accu-
mulated vehicles in the road network can be established
by combining the use of TransCAD and VISSIM soft-
ware. By fitting the simulation data, the result of the fit-
ting function relationship can be derived, which is a mac-
roscopic fundamental diagram.

2 Perimeter Traffic Control Strategy
2.1 Hypothesis

The control model must be constructed with the follow-
ing assumptions: 1) The ratios of the traffic flow among
right-turn, left-turn and through directions at each entry
link are all constants in the analysis period; 2) The four-
phase signal control scheme, i.e., the through phase for
east-west direction, left turn phase for east-west direc-
tion, through phase for south-north direction, left turn

phase for south-north direction, is used by each intersec-
tion; 3) All the entry links about the boundaries of the
control area are long enough to accommodate the vehicles
held outside the network, regardless of the signal timing
of the upstream intersection; 4) Phase transition time is
ignored.

2.2 Control strategy

The basic idea of perimeter signal control based on the
MEFD is to monitor influx flow, total vehicles in the net-
work, and outflows from the network. By restricting the
amount of influx flow proportionally, the accumulating
vehicles in the network can be maintained within a rea-
sonable and practicable range. The core concept of estab-
lishing the control model based on MFD is to first deter-
mine the number of critical cumulative vehicles that the
control area can accommodate according to the MFD.
Then, based on the macroscopic state evolution equation,
the allowable number of entering vehicles in the next con-
trol period can be calculated. Then, flow limits are im-
posed on boundary intersections. The boundary signal
control model proposed in this paper is not for all the
boundary intersections, but for the intersection whose to-
tal flow ratio is greater than 0. 9. It means that the traffic
demand exceeds the capacity and there is not enough
green time to release the vehicles arriving from all direc-
tions. Some vehicles will have to be queued at the en-
trance for several cycles to pass through, which may most
likely lead to queuing overflow. Considering the restric-
tions of queue length at the entry link and the rest of the
capacity of downstream sections at the approach of the
border intersections, the specific vehicles that can be al-
lowed to enter is determined. Finally, the appropriate
green time is assigned to the corresponding import phase
according to the restricted entering vehicles.

The evolution equation of the macroscopic state of the
road network in discrete form is as follows:

N(a+1) =N(a) +1(a) - O(a) (2)

where N(a +1) and N(a) represent the number of accu-
mulating vehicles at the (a + 1)-th and the a-th sampling
interval, respectively; I(a) and O(a) represent the influx
flow and outflow for road network at the a-th sampling
interval, respectively, veh.

The influx and output flow are closely related to the
signal cycle, saturation flow rate and green duration ratio
of the border entrance phase, and thus, the input and out-
put flow meet the following equation:

I(a) = Y Y C(a)g,(a)s } 5
O(a) = 2 Y Cia)g)(a)s

The following equation can be derived from iteration:
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a-1

N(a) =NO) + 3 3 3 C(p)s -

p=0 jeJ heH

_gj"h(P)] (4)

where N(0) denotes the number of vehicles in the road
C; is the intersection signal
cycle, s;s is the saturation flow rate, veh/s;g, and g’,
represent the green duration ratio of the h-th import and
the exit phase of the j-th intersection, respectively;J and
H represent the set of the intersections and the imports of
intersections, respectively.

The control objective of the boundary strategy based on
MFD is to maintain the cumulative number of vehicles

[&:,(p)

network at the initial time;

near the optimal value by optimizing the cycle and green
duration ratio of the border intersection. The boundary
control model is established and the objective function is

minZ = %Z (N0 + Zo ID NS
[g:(p) —ghW(p)] =N (5)
S. t.
Q" <N, +0(a-1) —=N(a-1) (6a)
i
zh‘, S—m>0.9 (6b)
o= C,‘s;g,‘h(a) (6C)
Zqu o/ (Liky, )
i‘n in 6d
0'<Q Z Zqu,;,/(L,deml 3 (6d)
Qm Qm(L LqQ{n)kJnmf”f (6e)
gmm\c(a)gjh(a> <gmax (6f)
gun=<C;(a)g,(a) <g,,. (6g)
Cmm\C(a)<C (6h)

where N, represents the optimal cumulative number of ve-
veh; M is the number of control steps; Q" de-
notes the restricted allowed influx flow, veh; g, and s,
represent the actual flow and saturated flow at the ap-
proach of intersection, respectively, veh/s; Q/i." denotes
the restricted allowed influx flow of the j-th intersection,
veh; L, ., represents the number of queuing vehicles at the
approach of the border intersection, veh; L is the road
length, m,k,, i
m;n is the number of lane s; i and f represent the road at
the approach of the border intersection and the road down-
stream of the approach of the border intersection, respec-
tively; L, , represents the maximal queuing length down-
stream of the approach of the border intersection, m;g_.. ,
gmwand C;.,
green duration and cycle length, respectively.

Constraint (6a) shows the constrained total amount of
the volume that allows access to the control area and is

hicles,

is the blocking density of each link, veh/

C . represent the minimum and maximum

max

derived from the vehicle conservation equation. Con-

straint (6b) shows the critical intersection constraint that
must implement the influx flow control,
the condition that the total flow ratio of the intersection
exceeds 0.9. Constraints (6¢) to (6e) show the allowa-
ble influx constraint of the entrance phase of the border
intersection considering the approach queue length and the

which satisfies

remaining capacity constraint of the downstream section.
Constraints (6f) to (6h) show the maximum and mini-
mum constraints that green duration and cycle length
should meet.

2.3 Model solving

The optimization model established in this paper deter-
mined the allowable constrained influx flow considering
the load capacity of the entire network. Then, focusing
the green duration and cycle
length are optimized considering the entrance queue
length and the remaining capacity constraints of the down-
stream section. The control model is a nonlinear program-
ming model and its decision variables are cycle length and
green duration. The model involves both the variables
and nonlinear constraints.

on border intersections,

It is difficult to determine the
global optimal solution using the traditional nonlinear pro-
gramming method. However, the genetic algorithm has a
significant effect on solving the highly complex search
space problem. Therefore, the genetic algorithm is used
to solve the model. The solving process is as follows

Step 1  Set the value of crossover probability p  and
mutation probability p _ of the genetic algorithm, respec-
tively, to be 0. 6 and 0. 02. The total number of individu-
als per generation G and the maximum number of itera-
tions Q values are 40 and 100, respectively. Real number
encoding is used and the code is(C,,--,C;,&,,,"*, &) »
in which the minimum and maximum values of green du-
ration and cycle length are, respectively, 10, 70 and 60,
180.

Step 2 ( Initialization of the population) Generate p,
individuals randomly in the search domain and adjust the
points to meet the constraints to establish the initial popu-
lation pop(0) and set b =0.

Step 3 ( Fitness function) Calculate the fitness func-
tion value of each point in pop (b) and find the point
with the minimum function and minimum fitness value.
The fitness function is f=1/Z, in which Z is the objective
function value.

Step 4 ( Crossover operator)  For each individual p e
pop(b) ,p. is the crossover probability. First, select one
value of r from O to 1 randomly, if r is smaller than or
equal to p_, then the crossover operation is performed on
the individual to determine cross offspring p,, and let O,
signify a collection of all cross-generation.

Step 5 ( Mutation operator )
pop(b) ,p, is the mutation probability. First,
value of r from O to 1 randomly, if r is smaller than or

For each individual p e
select one
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equal to p_, then the mutation operation is performed on
the individual to determine cross offspring p;, and let O,
signify a collection of all mutation-generation.

Step 6(Selection) Let O =0, U O,. Select n, indi-
viduals with the smallest fitness value, in which n, is
smaller than p, and select p, — n, individuals from the re-
maining to form the next generation pop(b +1).

Step 7 ( Judgment )
maximum, calculation is stopped and the optimal solution
is produced. Otherwise, set b=b +1 and go to Step 3.

If the iteration times reach the

3 Analysis of Simulation Test

3.1 Road network description and simulation param-
eter calibration

To demonstrate the efficiency of the proposed ap-
proach, a hypothetical simulation network of 12 entrances
and 12 exits is designed, as shown in Fig. 1.
of bi-directional road lanes is 6 and the length of each
section is assumed to be 400 m. The OD demand and sig-
nal timing plan of all the intersection are set in the simu-

The number

lation model and detectors are set up at the entrance and
exit of the border intersections.
plete simulation is 3 600 s and the first 5 min is assumed
to be the initialization process.

The duration of a com-

Six simulation experi-
ments were carried out by changing the random seed pa-
rameter in VISSIM, and statistical data was recorded ev-
traffic
flow on every road, and the number of moving vehicles

ery 5 min, including the influx flow, outflow,

in the road network.

@ 3 (4)

% Road 1 %} Road 5 <_(5)
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Fig.1 Hypothetic network

3.2 Construction of MFD in the test area

The OD demand loaded in the simulation model is in-
creased by 30% successively on the basis of the off-peak
hour OD demand. The study simulated the entire process
of traffic flow evolving from off-peak hour to peak hour
and finally to oversaturation. The weighted average densi-
ty and weighted average flow are taken as horizontal and

vertical coordinates, respectively, and the MFD data fit-
ting curve is derived from processing six sets of simula-
tion data, as shown in Fig.2(a), for which the legend of
different shapes represents a one-time complete simulation
result.

500
~450F 4‘.

300

Weighted average

flow/(veh + h! -

0 10 20 30 40 50 60 70
Weighted average density/(veh + km™' - lane™)

(a)

Weighted average

¢ Scatter data points

S50 Fitting curve

O 10 20 30 40 30 60 70

Weighted average density/(veh < km™' + lane™')
(b)
Fig.2 Curve trend of MFD. (a) MFD data fitting curve of road
network; (b) Similar trapezoidal diagram of MFD

From the scatter plot shown in Fig.2(a), with the in-
crease of the weighted average density in the network, the
weighted average flow increases first, then maintains a
high level,

fore, the MFD curve can be divided into three parts; as-

and gradually decreases at the end. There-

cent stage, continuous segment, and descent section. The
fast clustering method ( K-means) can be used to group
these data and distinguish between three intervals. Con-
cerning the data characteristics in each curve, the least
square method can be used to fit the curve of the scatter
while the
falling section curve can be fitted by using the average da-

plot in both the ascent and continuous sections,

ta point method. Hence, a complete macroscopic funda-
mental diagram can be derived, which is similar to a trap-
ezoid, as shown in Fig. 2 (b).
MEFD fitting curve is as follows:

The expression of the

y(x) =min{y (x),y,(x),y,(x) | (7)

The expression of the piecewise function is

y, (x) =20. 86x 0<x<22
y,(x) =459 22 <x<38 (8)
yi(x) = -7.9x+759.2 38 <x<9%4
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where x represents the weighted average density and y(x)
denotes the weighted average flow. The correlation coef-
ficients are, respectively, 0.98,0.92,0.94, which is
close to 1 and the result can achieve a high degree of fit-
ting, meeting the requirement of the follow-up quantita-
tive calculation.

3.3 Simulation of perimeter traffic control strategy
based on MFD

The critical threshold of the accumulating flow in the
road network can be determined according to the MFD fit-
ting curve. Using the Matlab genetic algorithm toolbox to
compile the entire control program, the algorithm can

output the optimal signal cycle and green duration for the

border intersection. Relevant performance indices related
to the whole network, road sections and the approach are
analyzed comparatively before and after the strategy im-
plementation. When the saturation of the intersection is
between 0.8 and 0.9,
state. When the saturation of the intersection is greater
than 0.9, it is defined as the super-saturated state. To
verify the effectiveness of the boundary control method,
the simulation tests were carried out under three different
levels of traffic demand: medium, high and super high,
respectively, which corresponds to an unsaturated, near-
saturated and super-saturated state, respectively. Differ-
ent traffic demand values for the border entrances are
shown in Tab. 1.

it is defined as the near-saturated

Tab.1 Traffic demand values for border entrances km/h
Level of traffic Entrance
demand 1 2 3 4 5 6 7 8 9 10 11 12
Medium 1 056 750 743 944 1 040 1 063 1019 846 928 863 1 085 1138
High 1373 975 966 1227 1 352 1 382 1325 1 100 1 206 1122 1411 1479
Super high 1785 1268 1 256 1595 1758 1796 1722 1430 1568 1458 1 834 1923

The legends M, H and SH, respectively, denote medi-
um, high, super high traffic demand, as shown in Fig.3
(a). Comparatively analyzing the results under different
traffic demands, the curves of the number of vehicles en-
tering and exiting the network varying with time per unit
interval all show a stable rate first, then decrease sharply,
and finally keep stable. However, the difference between
the stability rates under different levels of demand is siza-

ble. The entering flow stabilizes at approximately 150,
185 and 170 veh/h, respectively, under the conditions of
super high, high, and medium traffic demand while the
exit flow stabilizes at 40, 150 and 150 veh/h, respective-
ly. The exiting flow shows no significant difference be-
tween medium and high demand. While in super high de-
mand, the gap is quite obvious and the exiting flow drops
to 40 veh/h, meaning that most vehicles are unable to

—e—Enter (uncontrol);
——EXxit (uncontrol) ;

—— Enter (control)
—— EXit (control)

——Enter (M)  ——Exist (uncontrol); —e— Exist (control) 400
=1 —a—Enter (H) i £ i issigagsuelyl
g g0 ——Enter (SH) 5 15000 5 300
8 E 400 ——Exit (M) 3 5 i
27 ——Exit (H) N R i 2
= . .2 10 000} 2
2 =300 —=—Exit(SH) 5 3 200 ——a (W)
b= e =S ——b (W)
- = 200} o o ——C (W)
25 g 300 100 T 4®
5 = 100+ = a8 2 ——c¢ (E)
L 4b 8'0 |2|0 16'0 2(')0 25 65 105 145 185 20 50 80 110 140 170 200
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Fig. 3

Change of traffic flow and comparison of queue length and average delay before and after strategy implementation.

(a) Number of entering and exiting vehicles per unit interval under different traffic demands; (b) Number of entering, exiting and existing vehicles un-

der super high demand; (c) Queue length (uncontrol) ; (d) Queue length (control) ;

(e) Average delay (uncontrol) ; (f) Average delay (control)
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leave the network. On the other side, the entering flow
under super high demand is lower than that under high de-
mand. Therefore, there is no need to implement border
control under the medium traffic demand conditions when
the cumulative number of vehicles in the network is less
than the capacity threshold and the traffic enters and exits
relatively smoothly allowing the network capacity to
While under the conditions of
high and super high demand, with the simulation running
at 4 500 s, the number of vehicles entering and exiting
sharply decreases and the road network is likely to enter
saturation mode. Thus, it is quite necessary to limit the

maintain a certain level.

influx flow at boundary intersections at this time.

The number of accumulating entering, accumulating ex-
iting, and existing vehicles for the network varying with
time is shown in Fig. 3(b) under the condition of super
high demand. The legends control and uncontrol, respec-
tively, indicate that the signal timing is optimized with the
boundary control model and the original pre-timed signal
plan stays unchanged. For no perimeter control, with the
increase of accumulating vehicles entering the network, the
cumulative number of vehicles gradually increases to the
maximum, which stays at approximately 5 042 under super
high demand. After a certain period, the network is nearly
saturated and the number of vehicles accumulating to enter
and exit reaches the maximum and remains unchanged,
which is nearly 9 814 and 6 891 under super high demand.
That is, vehicles are unable to enter or exit the network

and the network tends to be in deadlock mode. When im-
plementing border control, the cumulative number of vehi-
cles continues to fluctuate within the vicinity of the opti-
mal value 3 062, and the number of accumulating entering
and exiting vehicles increases continuously at a certain rate
until the traffic capacity reaches the maximum.

In the current experiment, east-west is the main direc-
tion of the network. When the simulation runs 4 500 s,
the border control strategy is adopted. The travel speed
curve and average queue length of 12 sections of the east-
west boundary, and the average delay of 6 intersection
entrances varying with time before and after the control
implementation are shown in Figs.3(c) to (f) and Fig.
4. The legends a( W) and d(E) represent the west en-
trance of boundary intersection a and east entrance of
boundary intersection d. a,b,c,d,e,f, respectively, re-
present six boundary intersections of the road network.
And W and E, respectively, represent the west and east
entrance of the boundary intersection. E and I, respective-
ly, represent the exit and import sections in Fig. 4 (e),
while D and Q, respectively, represent average delay and
average queue length for all entrances in Fig.4(f).

As shown in Fig. 3 and Fig. 4, when the simulation
runs 4 500 s, the queue length of the border entrance is
close to the maximum and the queuing overflow phenom-
enon occurs in many approaches. The speed of vehicles
entering decreases sharply and approach delay increases
greatly.
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Fig.4 Comparison of performance indices varying with time before and after the strategy implementation. (a) Entrance section (un-

control ) ; (b) Entrance section ( control) ; (¢) Exit section (uncontrol) ; (d) Exit section (control) ; (e) Road speed; (f) Queue length and aver-

age delay
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Comparing Figs.3(c) and (d), after the strategy imple-
mentation, the queuing length of each approach is im-
proved to some extent and the maximum queue length is
limited to about 160 m, which greatly avoids the over-
flow phenomenon. In addition, vehicle delay is greatly
reduced, as shown in Figs.3(e) and (f). In contrast
with Figs. 4 (a) and (b), the border entrance queue
length is long and the speed of vehicles entering is low
under the original signal timing. However, after the strat-
egy implementation, the speed at the border approach in-
creases from 8 to 25 km/h. Figs.4(c) and (d) show
that the speed of the export section also increases modest-
ly and can be stabilized at nearly 30 km/h, which can es-
sentially achieve the goal of vehicles entering slowly and
exiting rapidly. Figs.4(e) and (f) clearly demonstrate
the space for speed improvement and effects for queue
length, while vehicle delay decreases before and after
control.

The three-dimensional map is used to show the status
change of the network before and after control implemen-
tation in both the high and super high flow demand. The
time is represented on the Z axis, while the number of ve-
hicles in and leaving the network are represented on the X
and Y axes, respectively. The number of vehicles with
the change of time is plotted in Fig. 5.

Comparative analyses of Figs.5(a) and (c) show that
in the absence of border control, the higher the traffic de-
mand, the sooner the road network achieves saturation
and the lower the ultimate departure capability of the net-
work is. In comparison with Figs.5(b) and (d), after
implementing control, the number of vehicles in the net-
work can maintain at about 3 000 in the near-saturated
state and the output capacity of the road network can be
maintained at a higher stationary value. While in a super-
saturated state, the cumulative number of vehicles first
maintains at around 3 000, but with the evolution of
time, the cumulative number of vehicles gradually re-
duces to about 2 000, and the number of vehicles leaving
the road network cannot maintain at a high and stable val-
ue. The effect of boundary control strategy is more sig-
nificant under the high traffic demand conditions. The
border control strategy may temporarily slow down the
traffic pressure to maintain a certain output capacity under
super high demand. However, if the heavy load demand
persists, the output capacity will be affected to a certain
degree. Therefore, this model is more suitable for near-
saturated conditions with a moderate flow. In addition,
with boundary flow control, it is necessary to implement
a reasonable traffic management strategy for oversaturated
conditions with excessive traffic demand. The comparison
of performance indices of the network before and after the
strategy implementation across the entire simulation time
is shown in Tab. 2.

Tab. 2 shows the comparison of simulation results before
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Fig. 5 Entering and exiting flow and cumulative vehicular
numbers with and without road network control in the conges-

tion area. (a) Under super high demand( uncontrol) ; (b) Under su-
per high demand( control) ; (¢) Under high demand (uncontrol) ; (d)
Under high demand ( control )

and after control implementation. The following improve-
ment can be obtained by calculation. The average delay is
reduced by 26.23% and 15.8% , respectively, and the
average stops is reduced by 22.9% and 22.2% , respec-
tively, under high and super high demand. Although the
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border control strategy limits a certain number of vehicles
entering the network, the total throughput is improved.
The number of entering vehicles increased by 33. 8% and
23.8% , respectively, and the number of output vehicles
increased by 31.5% and 29.6% , respectively, under
high and super high demand. The output capacity of the
network has been greatly improved.

Tab.2 Comparison of performance indices of the network

Number Number of
Traffic Average Average K .
demand Scheme delav/s oS of entering  exiting
eman clayss Stops vehicles vehicles
. Uncontrol 9.76 5.29 8 010 7 058
High
Control 7.2 4.08 12 099 10 305
Super  Uncontrol 15.2 9.72 9 814 6 891
high Control 12. 8 7.56 12 882 91792

4 Conclusion

This study introduces a new regional perimeter control
strategy based on the macroscopic fundamental diagram
(MFD) theory. The optimal cumulative traffic carrying
capacity of a specific road network, therefore, is obtained
through simulation, and an optimization control strategy
considering carrying capacity comprehensively in the net-
work and intersection level is designed. Through cycle
length and green duration optimization of the border inter-
sections, the inflow from perimeter intersections is con-
trolled reasonably, thus maintaining a near saturation state
at every intersection in the network. The simulation result
indicates that the strategy can control the queue length ef-
fectively and ensure that the network maintains a large
output capacity.

The boundary optimization strategy is easy to imple-
ment by optimizing the signal control scheme of the inter-
Queue
length can be controlled reasonably to ensure the capacity
of the road network, which is exceptionally efficient for
the near saturated traffic state. One of the disadvantages
is that this model merely optimizes the signal scheme of
boundary intersections, but it fails to consider internal in-
tersections. In addition, the model assumes that the en-

section under high traffic demand conditions.

trance section is long enough and artificially eliminates
the possibility of upstream queuing overflow out of the
control area, which may appear with boundary control
implementation. In fact, the queuing overflow phenome-
non of the upstream may exist in reality. The future work
is, therefore, to design a boundary control strategy that
considers the capacity constraints of the upstream sections
of border intersections and delineates the control bounda-
ries rationally.
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